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The advances i n  s t ruc tu ra l  design associated with reac tor ,  aerospace, and re la ted  
technologies increase, i n  t u r n ,  demands f o r  spec ia l i ty  forms of s t ruc tu ra l  materials. 
One material  that i s  finding spec ia l  and s t r a t eg ic  application i n  these areas i s  
carbon. Increased use of carbon f o r  other, more domestic applications i s  projected 
fo r  the  fu ture .  In t e re s t  i n  carbon as a fabr ica t ion  material i s  prompted by the  
following: 
( 3 )  constancy of proper t ies  with t i m e ,  (4)  the diverse properties which carbon can 
exhib i t  and the  va r i e ty  of product-type i n t o  which it can be made. 

Since the  properties exhibited by carbon can s igni f icant ly  vary, use of t h i s  material 
necessitates control of these  properties.  Our e f f o r t s  involve two aspects of control: 
(1) reproducibil i ty,  with emphasis on use of synthetic r a w  materials as carbon pre- 
cursors,  (2) manipulative control,  which would allow one t o  make carbon with specific 
and preselected properties by the appropriate choice of precursor and processing 
conditions. It i s  known t h a t  chemical, mechanical, e l ec t r i ca l ,  and thermal properties 
of carbon, or parts fabr ica ted  from carbon, a re  g rea t ly  influenced by the carbon 
type; as i s  well known, carbon i s  generally c l a s s i f i ed  i n  terms of amorphous, gra- 
ph i t i c ,  and diamond s t ruc tures .  Properties associated with any given c lass i f ica t ion  
suggest a range of values. More spec i f ica l ly ,  properties of a graphi t ic  carbon 
a r e  a function of the  degree of graphitization and ce r t a in  other microstructural 
properties.  

(1) high temperature hea t  resistance,  (2) res i s tance  t o  chemical attack, 

Have you considered the f ac to r s  which contributed t o  the  diverse properties exhibited 
by our natural deposits of carbon and carbonaceous products? Generalization w i l l  
allow u s  t o  narrow the e f f e c t s  t o  two fac tdrs :  (1) the nature of the organic matter 
from which the  carbon w a s  derived, (2) the conditions (pressure, temperature, time, 
e t c . )  under which the  organic matter was converted t o  carbon. In our evaluation of 
carbon precursor materials, we have considered the  same two fac tors .  More specifi-  
ca l ly ,  we have attempted t o  co r re l a t e  carbon proper t ies  with (1) the properties of 
the  precursor material, with emphasis on e f f e c t s  a t t r i bu ted  t o  molecular composition 
and s t ruc ture ,  and (2) the processing conditions employed i n  converting the  organic 
mater ia l  i n t o  carbon, including the  e f f ec t  of temperatures up t o  3000° C. 

Some understanding of t he  re la t ionships  ex is t ing  between carbon properties and 
precursor properties have evolved over the years. I n  general, organic materials which 
are or becme infus ib le  p r i o r  t o  pyrolysis do not tend t o  produce graphitic carbon. 
This type of material is characterized by thermosetting r e s ins  o r  highly crosslinked 
polymers. 
t o  rearrange o r  r eo r i en t  p r i o r  t o  pyrolysis,  and such mobili ty necessitates an 
intermediate f l u i d  or p l a s t i c  state. Research e f f o r t s  involving l i q u i d  c rys t a l  
and mesophase studies represent  attempts t o  cor re la te  degree of or ien ta t ion  pr ior  
t o  pyrolysis with graphi t ic  proper t ies  of derived carbon. 
of polynuclear aromatic molecules w i l l  be a s igni f icant  fac tor  i n  determining the  
degree of graphitization of derived carbon. 
r e t a i n  a nonplanar s t ruc tu re  do not tend t o  grzphitize.  This seems reasonable i n  
l i g h t  of the  planar, polynuclear s t ruc ture  that characterizes graphite. 
t o  the inherent organic s t ruc tu re  of the  precursor materials,  t he  presence of 

Thus, c r y s t a l l i n i t y  seems t o  be dependent upon the a b i l i t y  of molecules 

Likewise, t h e  planarity 

Molecules or molecular fragments t h a t  

In addition 
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impurities such a s  sulfur and metall ic compounds influence the graphitic properties 
of derived carbon. 

Thus, precursor materials derived fra natura l  sources w i l l  not be adequate f o r  
cer ta in  specialized applications since (1) they represent a complex mixture of 
organic s t ruc tures  whose composition var ies  with sources and refining methods, 
and (2) they frequently contain inorganic contaminants which vary i n  quantity and 
type w i t h  location of source. 

This e f f o r t  i n  the  area of synthetic carbon precvrsors has included synthesis, poly- 
merization, and carbcnization studies.  
synthesis and evaluation of carbon precursor materials derived from indene (C&. 

Much of the e f f o r t  has been directed toward 

indene 

Included i n  the ser ies  were various indene derivatives incorporating the benzofulvene 
s t ruc tures  sham below. 

Cmpound 

I H H benz ofulvene 
11 C & J  cH3 dime thylbenz of ulvene 

Iv c S H 5  m e t h y l p h e n y l b e n z o f n e  
V c&3 C S k  . c& diphenylbenzofulvene 

V I  H C6H5- C W H -  cinnamylideneindene 

III H c6& benz ylideneindene 

These cmpounds were synthesized by condensation reactions of indene w i t h  carbonyl 
compounds with the carbonyl component becoming E i n t eg ra l  par t  of t he  benzofulvene 
structure.  

A d d i t i o d  compounds t h a t  were derived from indene included a - t m e n e  (truxene) and 
p-truxene ( i s o t m e n e )  , both of which a re  t r imer ic  derivatives of indene. As sham 
by the s t ruc tures  below, the  l a t t e r  cmpounds a re  s t r u c t u r a l  isomers. 
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Irotruxene. Truxene 

The preparative procedures involve reactions of inaene and carbonyl compounds i n  
the  presence of amine ca t a lys t s .  Heretofore, only isomeric mixtures of these two 
compounds could be obtained by synthetic procedures involving autoclave conditions. 
However, procedures used i n  t h i s  study w i l l  a l lm production of e i the r  isomer under 
r e f lux  conditions, and at  the exclusion of t he  other. The spec i f ic  isomer obtained 
w i l l  be a function o f  t he  carbonyl compound used i n  the formulation. 

To lend emphasis t o  the  cor re la t ions  previously suggested between carbon properties, 
precursor properties, and processing conditions, truxene and isotruxene sha l l  be 
discussed i n  de t a i l .  The influence of th ree  f ac to r s  on g raph i t i zab i l i t y  of carbons 
s h a l l  be considered. These are the  e f r e c t  of (1) molecular s t ruc ture ,  (2) metallic 
impurities, and ( 3 )  polymerization conditions. 

I n i t i a l l y ,  s t ruc tu ra l  e f f e c t s  w i l l  be considered. Though isomeric i n  s t ruc ture ,  
truxene y ie lds  a nongraphitic carbon while carbon derived from isotruxene tends to 
be grzphitic.  Two fac to r s  could contribute t o  the disoriented s t ruc ture  of truxene- 
derived carbon: 
apparently disrupted p r i o r  t o  pyrolysis and nonplanar intermediates a re  formed; 
(2) the  f l u i d  proper t ies  before and during pyrolysis were not conducive t o  orienta- 
t ion .  A s  observed f o r  other nongraphitizing materials, gases evolved during 
pyrolysis were entrapped, r e su l t i ng  i n  a ce l lu l a r  or foam-like carbon. 
tend t o  be f r ee ly  evolved during pyrolysis of graphitizing materials, as was 
observed for  i so t rwene .  These observations are indica t ive  of t he  f l u i d  properties 
ex i s t ing  during periods i n  which chemical change and s t ruc tu ra l  realignments w i l l  
be grea tes t .  Lack of molecular mobili ty during these periods would tend t o  inh ib i t  
orientation. Attempts t o  cont ro l  graphitic proper t ies  of carbons b y  blending 
graphitizing and nongraphitizing materials were considered. 
necessity form homogeneous solutions and must y ie ld  a homogeneous carbon. 
mixtures of isotruxene and,truxene produce homogeneous carbons with properties t ha t  
are dependent on composition. 
from isotruxene and truxene-isotruxene mixtures are shown as a lZlnction of tempera- 
ture i n  Table 1. 

(1) the  planar s t ruc ture  t h a t  characterizes truxene molecules i s  

Such gases 

The materials must of 
For example, 

Data obtained by X-ray analysis of carbons derived 
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In summary efforts to closely control properties of synthetic carbons must include 
close control on raw material properties and impurities, and conditions under which 
organic precursor materials are converted to carbon. 

Table 1 
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Figure 1. Correlation of Interlayer Spacing With 
!&mwrature f cr Truxene-Derived 
Conkning Titanium Carbide. 


